Purpose -The purpose of this paper is to categorize industrial clusters, and then compares three industrial clusters of three countries from the perspectives of hard environment, soft environment, factors from supply and demand sides, and the network mechanism. Design/methodology/approach -Data were collected through interview with cluster coordinators. Qualitative case studies are conducted. Findings -The center of excellence behaves well in nearly all aspects, while the spatially narrowly distributed specific center of innovation mainly exploits benefits from its concentrated sector. For the Chinese comprehensive technology incubator, relatively limited geographical space and broad sectorial distribution endow it with unclear strengths, implying the inadequacy of interconnectedness and industry relatedness mentioned by Porter (1990) . Research limitations/implications -Data were collected mainly from cluster coordinators, implying further data collecting and more comprehensive analysis. Practical implications -It only makes sense to compare industrial clusters that are comparable with each other. And elements must be matched to facilitate the network interactions, and hence the innovation performance of clusters. Originality/value -This paper contributes to the theoretical basis through it analyzing and clarifying the scales to measure industrial clusters, and answers the * The authors thank the support of the project the Complexity of Cluster Innovation System of Knowledge Intensive
Indeed, these are vital, yet considerably difficult questions. Environment and network interactions both play vital roles in cluster's innovation performance. On the one hand, a good infrastructure system, including water, power and gas supply will benefit the cluster to a significant degree, while good systems of communication and transportation can also enforce the confidence of cluster managers and employees.
Furthermore, firms in industrial clusters are able to enjoy a sound culture where creation and "radical ideas" are encouraged and rewarded. On the other hand, there are several types of interactions and co-opetition among firms, in a formal or informal way. Managers and employees are provided opportunities to meet in conferences, seminars and forums, where they can discuss various issues, while cafes and restaurants and even pubs are also available where they can have a casual chat before imaginative ideas jump out. The influence of these network interactions upon the well-beingness of the cluster, such as economic performance and innovativeness, requires step-by-step studies. What is also worth noticing is that the different natures, as well as distinguished cultural and social contexts of industrial clusters, probably play important roles in the pattern and style of the network interactions of the cluster. This paper, therefore, is trying to explore this question: what is the context of some industrial clusters behaving in several aspects including hard environment, soft environment, supply, demand, network interactions and innovation performance? We mainly focus on the environmental effects, and interactions among the member firms of the clusters, trying to clarify the related issues from several aspects such as environment and factors that clusters need, and we will try to compare these aspects among several specific types of industrial clusters, taking account of different cultural and social backgrounds. This will provide researchers of industrial clusters and innovation system with better knowledge of the environmental situation of clusters and the interactions-based relationship, help to build meaningful mathematical models to integrate environmental issues and networking issues in details from micro-and meso-perspectives, and then to quantitatively compute the impacts of these factors upon the companies' and clusters' economic and innovative performances.
2. Environmental issues, factorial issues, networking of the industrial cluster members, and innovation
Environment and innovation
Research about the innovation of a cluster, or of a firm which is geographically embedded into a network, has received much attention recently. When discussing this phenomenon, much emphasis has been placed on environmental issues, such as the infrastructure, the management system, the cultural and social context, and so on.
One important research theme is about the connotation of the cluster innovation.
For those clusters which emphasize on innovation, a major function is to enhance the knowledge creation, storage, flow and application within the clusters.
There are some features of industrial cluster which should not be ignored.
Industrial clusters vary from other organizational forms in the sense that they embody the situation where multi-enterprises are located in one single district. Clusters depend neither on solely formal relationships, nor on financial or contractual links, but more on socialized relationships based on personal interactions, collective learning, and tacit knowledge flow. This tacit knowledge flow is based on informal networks embedded in the local clusters. Therefore, R&D activities of the member firms within the industrial cluster induce knowledge spillover, which in turn helps to increase the innovation level of the firms and the clusters.
However, besides the network benefits, the members of a cluster are also confronted with certain problems such as information redundancy (Zaheer and George, 2004; Casper and Murray, 2005) , competitive blind spots (Zaheer and George, 2004) , isomorphism (Rocha, 2004; Desrochers, 2001) . Researchers use Porter's model (Porter, 1990) , which is a very often used model, to analyze industrial clusters in innovation capacity across the Taiwan Strait (Lai and Shyu, 2005) , in which context for firm strategy and rivalry is discussed. Overall, the research summarized above has provided a valuable basis on which to understand the dynamics of the clustering process and demonstrated the implicit tradeoffs facing firms deciding to locate within clusters. Furthermore, the geographical space within which a network is embedded has a significant influence on not only the current members and information stock of any network, but also its potential members and information stock (Owen-Smith and Powell, 2004, Kenney and Patton, 2005) .
Therefore, environments, both the hard and soft environment, are important for providing the backgrounds of the clusters in which they come into being and evolve.
Regional and local environment often provide many factors like "nutritions" for cluster members to absorb and grow. Here in this research we divide environment into hard ones and soft ones, considering that some of them are explicit, whether in reality or can be demonstrate by political or regulatory documents, while other are implicit but still manifested one way or another The hard environment, comprising local infrastructure, the local management system, and regulation systems such as tax regulations and laws, demonstrate the convenience of the facilities, provides institutional and regulatory elements, which are overt, for clusters' growth. The soft environment, made up of human resource availability, social and cultural contexts, technological potentials, and research funding, on the other hand, supports the clusters more from the societal and non-systematic aspect, which are invisible. This especially deserves more elaboration between different countries.
Factors and innovation
For the factors which are conducive to cluster innovation, the importance of milieu has received much elaboration, including formal and informal relationships among cluster members. Collective efficiency, collective learning, localized network, interactive process, complementarities as well as resource interdependency have been used to explain the raised innovative capacity of the cluster companies.
The study of economic geography and spatial agglomeration has provided valuable insights into the dynamics of industrial organization Scott, 2000 Scott, , 2004 . The primary contribution of this field has been the identification of the centripetal and centrifugal forces driving behavior within industrial clusters and the effects of these forces on individuals, firms, industries, regions and nations (Marshall, 1920; Perroux, 1983; Krugman, 1991; Saxenian, 1990; Markusen, 1996; Martin and Sunley, 2003; Pouder and St John, 1996) . Using Porter's model (Porter, 1990) , researchers also analyze factor conditions and demand conditions (Lai and Shyu, 2005) . 
Network interactions and innovation
There have been a number of studies on the interactions among firms and their impacts on innovation of the companies. Although not all are based on the cluster perspective, they provide valuable references for the study of the relationship between cluster innovativeness and member firm interactions. And they're mainly from micro-perspective.
Industrial cluster theory provides one stream of literature background for this study. Porter (1990) argue that national competitive advantage is constituted by "home base" conditions that are embedded in localized intrafirm and interfirm linkages, interorganizational collaboration, and networks. Attention should therefore be paid to spatially bound "clusters" (Porter, 2000) . Malmberg and Power (2005) claim that there are actually few evidences that firms interact or collaborate more with other local firms and conclude that "collaborative interaction with similar and related firms in the localized cluster does not come out as a major knowledge creating mechanism." However, this does not necessarily lead to a rejection of locally bounded theories of innovation (e.g., clusters and regional innovation systems); rather, it leads to the conclusion that the insights of both approaches need to be integrated more explicitly in future research.
The industrial cluster approach promotes the idea of studying the interactions between firms and other organizations, but it largely restricts such analyses to a particular scale or type of proximity. In contrast, this paper argues that it is important to explore the concentration and dispersal of innovation processes across multiple scales (Malmberg, 2003; Malmberg and Power, 2005; Malmberg and Maskell, 2006) because local external economies from concentration produce both advantages and disadvantages for firms (Parr, 2002) .
Meanwhile, although the industrial cluster approach addresses the specificity of location issues clearly, it has a tendency toward technological determinism in that technology is presented as a given to which regions respond. For instance, the comparison of innovation capacity at science parks across the Taiwan Strait was largely based on this assumption (Lai and Shyu, 2005 ). This is not taken for granted in this paper, as innovativeness, geography wideness and public policies interact with each other. Overall, under many circumstances, cluster provides a good background for interactions and collaborations among member companies based on interdependence.
Studies are under way to clarify the positive influences of these interactions. But there are also indications of negative effects. Nonetheless, the patterns of the interaction remain unclear for most management observers.
In this study, the concept of network mechanisms is used to describe, from several angles, the phenomenon and trend of the relationship among member firms within the clusters. These different angles embrace specialization, complementarities, collaboration, convenience to information, and homogenization.
Innovation performance
Finally, although there are empirical evidences showing that enterprises in the cluster might have more tendency of innovation (Baptista and Swann, 1998) , the innovativeness of a cluster as a whole still remains questionable. Apart from the difficulty of measuring the innovativeness of a cluster, another possible reason is that most research in this stream tends to adopt the traditional way of observing innovation from the micro-perspective.
In this study, the concept of innovation performances of the cluster are used to display how industrial clusters are identified in terms of innovation related activities, such as patents (applied/authorized) or software copyrights, new products or services, as well as revenue/profits. All are observed from the perspective of comparison between cluster member companies and their competitors in the market in general.
Features of clusters and the categorization
Clusters at the present days have been promoted extensively, as an important method of sound innovation and economic performance. Due to different developing paths, cultural and social contexts and other factors, clusters vary tremendously.
One issue is the spatial scale of the industrial cluster. Interestingly, although it's obvious that cluster, by definition, is closely connected with spatial meaning, this issue of geographical boundary hasn't received much academic attention as other aspects. The term "geographical concentration" is vague in that it doesn't specify in details to what extent do the firms concentrate. In another word, it doesn't shed light on the situations whether firms cluster in one single multi-floor mansion or even a skyscraper, in their own independent tenements scattered in a land of one square kilometer, or in a large area where dozens of sizable cities can be counted in. Initially, Porter (1990) applied his cluster principles to national and international clusters within industrialized countries, such as Norwegian maritime cluster, but later realized the relevance for local, regional and state-based clusters (Porter, 2000) . Geographic span of a cluster is affected by the ability of sharing information, resources and knowledge. Underlying social perceptions, cultural barriers and partiality may also influence or even limit the size of a cluster (Gibbs and Bernat, 1997). Indeed, companies tend to rationalize their decisions of locality from economic measurement, and most factors they consider include the convenience to contact the customers and suppliers, good infrastructure, availability of human resources, etc. On the other hand, geography is determined by the distance and time that people are willing to travel for employment and that employees and owners of companies consider reasonable for meeting and networking (Rosenfeld, 2002) . Just-in time processes, the need for face-to-face interactions and visibility of regional economies are also highlights (Anderson, 1994) . If one single building, or a small piece of land, whether it's called an incubator or science/technology park, located in a metropolis where there are plenty of resources mentioned before, meets these criteria, it has good potential of being an attracting cluster. In a larger scale, at the same time, more emphasis might be put on the availability of the industrial chain, the availability of fund and human resources of the whole region. Therefore, significant differences should be taken into account when considering the cluster categorization.
Another topic is about innovativeness of the cluster as a whole. First of all, industries vary in terms of innovativeness. Those clusters in the so called emerging sectors with strong innovativeness like ICT, life science, material, and so forth, develop fairly quickly and have more innovative fruits like patents, new products and services. The fast growing Knowledge Intensive Business Services (KIBS) are also behaving considerably outstanding. On the contrary, the traditional manufacturing sectors are often less dynamic or active in these aspects. Nevertheless, more integration is being seen between these two types of sectors. The emerging technologies and new ways of serving clients are mobilizing and improving the efficiency and effectiveness of the traditional sectors. For instance, nanotechnology has been applied into classical materials chemistry industry. In particular, the great advancement and wide application of ICT are utilized as a powerful catalyst in numerous sectors and enterprises. In some cases, more collaboration about product and process information sharing, strategic alliance forming and cooperative R&D projects developing can be found in the emerging high-tech sectors.
A look at the industrial clusters in different economic contexts will discover vastly different characteristics of industry broadness, namely the industrial boundary of the cluster. In Europe and North America, the limits of an industrial cluster are often found to be complying with the standard industrial classification system. There, clusters are considerably specialized, meaning the relatedness of the members in the same cluster is high. For them, the relationships within a cluster, including buyer-seller links, competition, collaboration, and shared-resource relationships, are vital for innovation breeding and sound economic performance as well (Anderson, 1994 ). However, their counterparts in China are not like so. Often, the so called "high tech parks" there are found to comprise more than one specific business line, let alone some incubators in which ICT manufacturing firms and biotechnology R&D companies are on the same floor. Under this circumstance, the target market, business modes and market behavior of these cluster members vary so much that any meaningful cluster activities like coordination, collective meeting and presentation, training and membership interactions are less effective, which poses challenges to the economic performances and innovativeness of these companies. This paper addresses the comparison between different types of industrial clusters, taking into account the differences regarding cultural and social contexts. It also has a specialized incubator for multimedia, integrated circuit, nanotechnology, and glass art. Overall, about 700 staff is working in it for entrepreneurship.
SUSTP is a good example of comprehensive technology incubator.
Discussions
This paper tries to clarify and compare several dimensions of these industrial clusters, taking into account the social and cultural contexts, and to expatiate similarities and differences of environment, factors and interactions among different types of clusters. On the basis of that, attempts will be paid to probe into the connections between them and the innovation performance of the clusters.
To study these three industrial clusters, interviews with cluster coordinators and The management systems, as well as tax regulations are also confronted with difficulties when trying to accommodate the same policies to different firms in According to the above analysis, it is apparent that the example of center of excellence, Chemelot, demonstrates fairly good quality in hard environment, soft environment, demand side factors, and innovation performance. Compared with IT-Speicher and SUSTP, it shows a kind of "comprehensive boost", which means it has no real "short slab" in all the discussed aspects. It enjoys an ample spatial advantage, and a relatively broad but still well matched industrial span.
On the other hand, IT-Speicher exhibits strongly in hard environment, network mechanism, and supply side factors. Although spatially narrowly distributed, the specific center of innovation exploits the benefits from its concentrated sector, thus facilitating the interactions among its member firms, and encouraging companies to enter it based on good business essentials like suppliers, information and knowledge flow. In summary, the findings of this paper are that the examples of center of excellence and specific center of innovation in Europe demonstrate relatively better in network mechanisms and innovation performance than the Chinese comprehensive technology incubator. Given that the other aspects are slightly different, it might well be that the network interactions within the cluster has positive connections with the innovation performance of the cluster. This, therefore, leaves further space for research in the future.
Contributions
This paper tries to evaluate some industrial clusters according to a set of criteria.
In order to fulfill this purpose, analyses and categorization of clusters are conducted.
The contribution of this paper includes: Third, this paper provides a potential pathway for researchers of industrial cluster and innovation system to build meaningful mathematical models to measure the interactions within clusters in details from micro-and meso-perspectives, and then to quantitatively compute the impacts of these interactions upon the companies' and clusters' economic and innovative performances. Network theories, graph theories as well as complex system theories are all possible in quantitatively assessing the development of industrial clusters, whether statically or dynamically. Thank you very much for your work!
What activities does your cluster offer, and how often? (Open)
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